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Rectal swabs from high-risk patients were screened for carbapenem-resistant organisms (CROs) using several methods. The di-
rect MacConkey plate method was the most sensitive for CROs (95%), while chromID CARBA and the Check-Direct CPE screen
assay were the most sensitive for the detection of carbapenemase-producing organisms (CPOs) (100%; all blaKPC). All methods
had a specificity of >90% for CROs, and for CPOs, the specificity ranged from 85 to 98%. Broth enrichment methods performed
poorly compared to direct inoculation methods, negating the need for the broth enrichment step.

In 2013, the U.S. Centers for Disease Control and Prevention
(CDC) assigned the highest threat level to carbapenem-resistant

Enterobacteriaceae (CRE). Additionally, the CDC designated mul-
tidrug-resistant (MDR) Pseudomonas aeruginosa and Acinetobac-
ter baumannii as serious threats because they are resistant to nearly
all available antibiotics, including carbapenems— declaring that
they require urgent public health attention (1). Optimal screening
methods for rapid detection of carbapenem-resistant organisms
(CROs) have yet to be established (2). Currently described meth-
ods include broth enrichment, direct selective culture, chromo-
genic media, and detection of carbapenemase genes directly from
rectal swabs (3–9). The objectives of this study were to (i) evaluate
multiple methods for screening CROs from rectal swabs and (ii) to
determine the prevalence of gastrointestinal colonization with
CROs among high-risk inpatient populations.

Two-hundred thirteen remnant vancomycin-resistant entero-
coccus (VRE) surveillance rectal ESwabs (Copan, Murrieta, CA)
were collected in a non-outbreak setting from four distinct inpa-
tient populations at The Johns Hopkins Hospital, Baltimore, MD.
ESwabs were collected upon hospital unit admission and weekly
thereafter until unit discharge. Consecutive rectal ESwabs were
collected from medical and surgical intensive care units (MICUs
and SICUs, respectively), an oncology ward, and an organ trans-
plant ward over a 2-week period. The ESwabs were vortexed, and
the remnant liquid Amies broth was aliquoted to cryovials and
frozen at �70°C until further testing was performed. From each
ESwab broth, five different methods for the detection of CRO
were set up in parallel. The five methods included (i) the CDC
broth enrichment method with ertapenem for selection (3), (ii) a
modified CDC broth enrichment method using ertapenem and
vancomycin for selection (3), (iii) a direct MacConkey plate with
ertapenem disks (4, 6), (iv) a chromogenic chromID CARBA agar
plate method (with the new reformulated medium; package insert
version 20157 A-en-2013/02, reference no. 414012 [bioMérieux,
Marcy l’Étoile, France]), and (v) the Check-Direct CPE screen
assay for the BD MAX instrument (Check-Points, Wageningen,
The Netherlands; Becton Dickinson, Sparks, MD). The ESwab
broth was first vortexed for 5 s, 100 �l of ESwab broth was inoc-
ulated into each of the medium types, and 25 �l was inoculated
into a DNA sample buffer tube (SBT) for the Check-Direct CPE
assay. All methods were performed as previously described, with a
few exceptions as described below. For the modified CDC broth

enrichment method, a vancomycin disk was added to the broth to
inhibit potential Gram-positive organisms from breaking through
the ertapenem disk, resulting in false-positive turbid broths. For
both CDC broth enrichment methods (with and without vanco-
mycin), an ertapenem disk was added to the MacConkey plate on
subculture from turbid broths. Any isolate that grew within 27
mm of the ertapenem disk was further identified, and antimicro-
bial susceptibility testing (AST) was performed (6). Finally, the
Check-Direct CPE assay was performed as per the manufacturer’s
instructions on the BD MAX instrument, with the exception of the
sample volume setting, which was set to 937.5 �l. The run was
validated when the positive and negative control threshold cycle
(CT) values were within the acceptable limits with appropriate
amplification curves. Specimens were determined to be positive if
a CT value was provided for one of the targets and for the sample
processing control (SPC [internal control]).

All organisms that met the criteria for further evaluation (re-
covery of Gram-negative bacilli that grew within 27 mm of the
ertapenem disk or growth on chromID CARBA medium) were
identified by matrix-assisted laser desorption ionization–time of
flight mass spectrometry (MALDI-TOF MS) (Bruker Daltonics,
Inc., Billerica, MA), and/or identification and AST were per-
formed with the BD Phoenix automated instrument (Becton
Dickinson, Sparks, MD). AST results were interpreted following
Clinical and Laboratory Standards Institute guidelines (10). En-
terobacteriaceae resistant to one of the carbapenems tested (ertap-
enem and meropenem) or glucose-nonfermenting Gram-nega-
tive bacilli resistant to meropenem were further evaluated by the
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Carba NP assay to identify carbapenemase production (10). If an
isolate was determined to be positive by the Carba NP, the molec-
ular genotype was determined by the Check-MDR CT103XL assay
as previously described (Check-Points, Wageningen, The Nether-
lands) (11). Two ATCC strains (Klebsiella pneumoniae carbapen-
emase [KPC]-producing strains ATCC BAA-1705 and ATCC
BAA-1706) and a set of 10 positive controls producing a known
and diverse range of carbapenemases (blaKPC, blaNDM, blaOXA-48-
like, or blaVIM) were inoculated (0.5 McFarland standard of pure
cultures) into each of the five study arms to assess performance.
Statistical analysis was performed using GraphPad QuickCalcs
(GraphPad Software, La Jolla, CA).

The 213 rectal swabs were collected from 191 unique patients;
with 123 (57.7%) collected upon ward admission and 90 (42.3%)
collected on follow-up surveillance cultures during the ward stay.
Of the 213 swabs, 69 (32.4%), 58 (27.2%), 57 (26.8%), 8 (3.8%),
and 21 (9.9%) were collected from a transplant ward, MICU,
SICU, an oncology ward, and a variety of other wards, respec-
tively. The overall prevalences of colonization among the evalu-
ated patient populations studied were 9.4% (n � 20) for CROs
and 2.3% (n � 5) for carbapenemase-producing organisms
(CPOs). The respective prevalences of CRO and CPO coloniza-
tion were as follows: transplant ward, 11.5% (n � 8) and 5.8%
(n � 4); MICU, 8.6% (n � 5) and 1.7% (n � 1); SICU, 8.7% (n �
5) and 0%; oncology ward, 12.5% (n � 1) and 0%; and other units,
4.7% (n � 1) and 0%.

A comprehensive method evaluation study was completed to
determine the most sensitive and specific test for the detection of
CROs and CPOs from rectal swabs. The results of the method
comparison study are summarized in Table 1. Overall, 20 CROs,
including 5 CPOs, were recovered by 1 of the 4 different culture-
based methods. The non-carbapenemase-producing CROs (n �
15) included 7 Stenotrophomonas maltophilia (46.7%), 4 Entero-

bacter cloacae (26.7%), 2 Pseudomonas aeruginosa (13.3%), and 1
each of Escherichia coli and Hafnia alvei (6.7%). All five CPOs
recovered were KPC producers and included 2 E. cloacae (40%), 2
Citrobacter amalonaticus (40%), and 1 Klebsiella pneumoniae
(10%). The Check-Direct CPE screen was positive for a carbapen-
emase gene in 10 (4.7%) of the rectal swabs. The 10 positive swabs
included 7 blaKPC, 2 blaVIM, and 1 blaOXA-48-like. The CPOs for 5 of
the 10 positives were recovered by one to multiple culture-based
methods. No growth was observed by any of the culture-based
methods for 2 blaVIM (cycle threshold [CT], 39.7 and 40.8), 2
blaKPC (CT, 29.6 and 40.5), and 1 blaOXA-48-like (CT, 40.6). The two
ATCC strains and 10 positive controls were appropriately recov-
ered by each of the culture methods and detected by the Check-
Direct CPE screen assay. The performance characteristics of each
method are summarized in Table 2. The “gold standard” for com-
parison was the cumulative results recovered from any culture-
based methods (i.e., 20 CROs and 5 CPOs total).

The direct MacConkey plate method with ertapenem disks was
the most sensitive for CRO detection (95%), while the chromID
CARBA medium (100%; n � 5; all blaKPC) was the most sensitive
for CPO detection among culture-based methods. All culture-
based methods had a specificity of �90% for CRO detection,
which decreased to 84.6 to 90.4% for the detection of CPOs. We
noted that for all of the direct MacConkey plates with ertapenem
disks, the ertapenem disk in the first quadrant of growth was suf-
ficient for the measurement of the zone of inhibition. Thus, we
elected to implement into clinical practice the direct MacConkey
plate method with the addition of ertapenem to the first quadrant
and a meropenem disk to the second quadrant (as opposed to a
second ertapenem disk) to enhance recovery of CROs/CPOs if a
meropenem-susceptible nonfermenter were also to grow. The
chromID CARBA medium is currently available in the United

TABLE 1 Summary of method comparison results for detection of carbapenem-resistant organisms from rectal swabs

Parameter

No. (%) bya:

CDC CDC � Vanco Direct MAC chromID CARBA
Check-Direct
CPE screen Total

Broth enrichment
Cultures with turbid broths 157 (73.7) 72 (33.8) NA NA NA NA
Cultures with growth on subculture from

turbid broth to MacConkey plate with
ertapenem disk

71 (33.3) 35 (16.4) NA NA NA NA

Direct selective culture
Cultures with any growth on plates after

inoculation with specimen
NA NA 146 (68.5) 29 (13.6) NA NA

Recovered organisms by culture-based methods
Cultures positive with GNB recovered that

required further workupb

27 (12.7) 21 (9.9) 36 (16.9) 26 (12.2) NA 41 (19.2)

Cultures positive with CROs 11 (5.2) 8 (3.8) 18 (8.5) 15 (7.0) NA 20 (9.4)
Cultures positive with CPOs 2 (0.9) 1 (0.5) 4 (1.9) 5 (2.3) NA 5 (2.3)

Check-Direct CPE screen molecular results
Swabs carbapenemase gene positive NA NA NA NA 10 (4.7) 10 (4.7)

a See Table S1 in the supplemental material for expanded Table 1 results summarizing the organisms recovered. CDC, CDC broth enrichment method; CDC � vanco, CDC broth
enrichment method with the addition of a vancomycin disk; Direct MAC, direct MacConkey plate with ertapenem disks; NA, not applicable.
b Criteria for further workup included recovery of Gram-negative bacilli (GNB) that grew within 27 mm of the ertapenem disk for the CDC, CDC � Vanco, and Direct MAC
methods or growth on chromID CARBA medium.
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States as a research-use-only product but will be undergoing a
clinical trial to obtain FDA clearance in the near future.

The CDC broth enrichment methods (�vancomycin) per-
formed poorly compared to direct inoculation of selective culture
methods. All false-negative cultures were overgrown with mero-
penem-susceptible P. aeruginosa, which may have masked the re-
covery of the CROs/CPOs. The use of meropenem as the selective
agent may have prevented the overgrowth of meropenem-suscep-
tible P. aeruginosa and allowed the recovery of certain CROs/
CPOs. However, this may have also resulted in suppression of
CRE or carbapenemase-producing Enterobacteriaceae isolates that
were ertapenem resistant but meropenem susceptible (i.e., 8 CRE
isolates recovered in this study were ertapenem resistant but
meropenem susceptible, including the 2 KPC-producing E. cloa-
cae isolates). In addition, the vancomycin disk added to the broth
enrichment step in the modified CDC arm resulted in fewer turbid
broths (33.8% versus 73.7%; P � 0.0001). However, surprisingly
the addition of vancomycin also hindered the ability to recover
Gram-negative organisms and performed worse than the CDC
broth enrichment for the detection of CROs/CPOs (see Table S1
in the supplemental material). Overall, the broth enrichment
methods performed poorly compared to direct selective culture
methods that lacked broth enrichment. Similar to our findings,
other method comparison studies have noted that broth enrich-
ment resulted in poorer results than direct selective culture plating
methods (7, 8, 12). However, a recent study demonstrated that
broth enrichment prior to inoculation to chromID CARBA me-
dium resulted in an increased sensitivity compared to a direct
inoculation method (13). These varied results may be due to dif-
ferences in the carbapenem utilized for selection (ertapenem ver-
sus meropenem) in the broth enrichment step, differences in
patient populations where P. aeruginosa colonization is less fre-
quent, and differences in circulating CROs/CPOs.

The Check-Direct CPE screen assay demonstrated excellent
sensitivity (100%, n � 5, all blaKPC) and specificity (97.6%) for the
detection of carbapenemase genes. However, positive results with

high threshold cycle values (most had a CT of �39) resulted in a
decreased positive predictive value (PPV) of 50% and a negative
predictive value (NPV) of 100%, in comparison to culture-based
methods. These positives may reflect low-level colonization below
the limit of detection of culture, or they may represent false-pos-
itive results due to off-target amplification of closely related se-
quences found among gastrointestinal flora (5). However, even if
these low-level positive results reflect colonization, the clinical
significance and likelihood of transmission in low-level carriers
are unknown. This is the first study evaluating the Check-Direct
CPE screen assay on the BD MAX instrument. Other studies pub-
lished on the Check-Direct assay were performed on the Nu-
cliSENS easyMag instrument and reported similar results with
high sensitivity and lower specificity than culture-based methods
(5, 8, 14). Although molecular methods provide a more rapid
result (	3 h from sample receipt) than culture-based methods (24
to 48 h), their major pitfall is the overall cost per test (	$50).
Thus, the role of molecular assays in screening for CPOs will likely
be the most impactful in an outbreak setting.

Limitations of this study include (i) the detection of CPOs
based on carbapenem resistance with reflex to the Carba NP assay
(i.e., some organisms harboring carbapenemases may have been
missed if they had MICs below the resistance breakpoint or were
not detected by the Carba NP assay [i.e., OXA-48-like producers])
and (ii) the lack of recovery of other carbapenemase types in the
clinical cohort. Only KPC producers were recovered in this study.

This method comparison found that the direct MacConkey
plate method with ertapenem disks was the most sensitive test for
CRO detection, while the chromID CARBA and Check-Direct
CPE screen methods were the most sensitive for the detection of
blaKPC-positive carbapenemase producers (100%). In this study,
broth enrichment methods (�vancomycin) performed poorly
compared to direct inoculation of selective culture methods, ne-
gating the need for the broth enrichment step. We believe the
aforementioned method comparisons should be repeated with a
larger, diverse sample of isolates.

TABLE 2 Performance characteristics of the various methods to detect carbapenem-resistant organisms and KPC-producing organisms from rectal
swabs

Performance
characteristica

% (95% CI) byb:

CDC CDC � Vanco Direct MAC chromID CARBA Check-Direct CPE screen

Sensitivity
CROs 55.0 (32.0–76.2) 40.0 (20.0–63.6) 95.0 (73.1–99.7) 75.0 (50.6–90.4)
CPOs 40.0 (7.3–83.0) 20.0 (1.1–70.1) 80.0 (29.9–98.9) 100 (46.3–100) 100 (46.3–100)

Specificity
CROs 91.7 (86.7–95.0) 93.3 (88.5–96.2) 91.2 (86.0–94.6) 94.3 (89.8–97.0)
CPOs 88.0 (82.3–91.9) 90.4 (85.3–93.8) 84.6 (78.8–89.1) 89.9 (84.8–93.5) 97.6 (94.2–99.1)

PPV
CROs 40.7 (23.0–61.0) 38.1 (19.0–61.3) 52.7 (35.7–69.2) 57.7 (37.2–76.0)
CPOs 7.4 (1.3–25.8) 4.8 (0.02–25.9) 11.1 (3.6–27.0) 19.2 (7.3–40.0) 50.0 (20.1–79.9)

NPV
CROs 95.2 (90.7–97.6) 93.8 (89.1–96.6) 99.4 (96.4–100) 97.3 (93.5–99.0)
CPOs 98.9 (95.0–99.6) 97.9 (94.4–99.3) 99.4 (96.4–100) 100 (97.5–100) 100 (97.7–100)

a The “gold standard” for comparison was the cumulative results recovered across the various culture-based methods (i.e., 20 carbapenem-resistant organisms [CROs] and 5 KPC-
producing carbapenemase-producing organisms [CPOs] total).
b 95% CI, 95% confidence interval; CDC, CDC broth enrichment method; CDC � Vanco, CDC broth enrichment method with the addition of a vancomycin disk; Direct MAC,
direct MacConkey plate with ertapenem disks.
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